Attorney's Docket No ,Wo4-012001 / 0820-NF236/99-JS 



APPLICATION 
FOR 

UNITED STATES LETTERS PATENT 



TITLE: 



APPLICANT: 



A PHARMACEUTICAL COMPOSITION AND PROCESS 
FOR ISOLATION OF TRANS-TETRACOS-15-ENOIC ACID 
AND METHOD OF TREATMENT FOR HEPATOTOXICITY 

SUKHDEV SWAMI HANDA, BUPINDER SINGH, B.K. 
CHANDAN, AJIT KUMAR SAXENA, VIKRAM 
BHARDWAJ, V.N. GUPTA, OM PARKASH SURI, N.K. 
SATTI AND K.A. SURI 



CHRTIl-ii- Mi- OP MAILING BY I XPRLSS MA II 



Impress Mail Ubel No._Li245451632U^ 



1 hereby certify under 37 CFR §1.10 that thus correspondence « being 
deposited with the United Slates Postal Scrv.ce as Impress Mail Post 
Office to Addressee with sufficient postage on the date .nd.cated below 
and is addressed to the Commissioner tor Patents. Washtngton, 
DC. 20231. 



1-Vhrimrv 11.2002 



Date of Deposit 



Signature 



1 ero y Jeukfhs 



Typed or Printed Name of Person Signing Certificate 



10 



15 



A ph ARMACFUTICAL COMPOSITION AND PROCESS FOR ISOLATION OF 
SSSS ACID AND METHOD OF TREATMENT FOR 

HEPATOTOXICITY 

FIELD OF INVENTION 

The present invention relates to a pharmaceutical composition comprising trans-tetracos- 
enoic acid and a process for the isolation of trans-tetracos-15-enoic acid from a plant 
source Indigofera tinctoria. The present invention also relates to a method of treatment for 
hepatotoxicity. 

BACKGROUND AND PRIOR ART REFERENCES 

Indigofera tinctoria hum. (Family Leguminosae, Hindi-Neel) is an annual herbaceous 
shrub, 4-6 ft. high, found throughout India. Earlier it was cultivated in India, China and 
other eastern countries as a source of Indigo. 

In an indigenous system of medicine, extract of this plant is used for the treatment of 
epilepsy, nervous disorders and bronchitis [Wealth of India, vol.5 (Council of Scientific 
and Industrial Research, New Delhi) 182, (1959)]. The plant is also known to be used as an 
ointment for sores, old ulcers and haemorrhoids [R.N. Chopra, S.L. Nayar and IC Chopra, 
Glossary of Indian Medicinal Plants, 141 (1956)]. The leaves of the plant have been used 
in liver ailments [Nadkami, K.M., Indian Materia Medica, vol.1 (Popular Book Depot, 
Bombay, 680 (1954)]. 

Organic solvent extract of the leaves of the plant exhibited marked hepatoprotective effect 
25 aeainst carbon tetrachloride induced hepatic injury in rabbits, rats and mice [Anand, K.K., 
Chand Dewan, Ghatak, B.J. Ray & Arya, R.K., Indian J. Expl. Biol. 19, 298 (1981), 
Anand, K.K., Chand Dewan & Ghatak, B.J. Ray, Indian J. Expl. Biol., 17, 685(1979)]. 

Literature survey revealed that earlier reports showed the presence of trans-tetracos-15- 
30 enoic acid in Jojoba oil ex. Simmondsia chinensis seeds (0.62-1.11%), c/s isomer of the 
acid in fatty acids of the seed oil of. Microula sikkimensis (1.2%). [Wang, Huiying, Yu, 
Xuefian, Yi, Yuanfen & Ding, Jingkai, Yunnan Zhiwu Yanjiu 1989 11 (I), 60-4 (Ch.), L, 
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,,, „,«.„,, ,,, - sr. 

These reports do not mention isolation of the consume 
based on GLC data. 

u t„.H in the Dresent invention from the plant lndigofera 
The bioactive constituent thus isolated in the present 

nncoria is designated as RLJ-NE-598 (025)(F)(A,) (TCA) 

Henatotoxins that cause acute hepatitis have Cose resemblance with the viral hepatitis- 
«,ochem,a, ly and topological, Orugs also cause of ctoonic hepatte dtsease as 
chrome hepatitis, fatty liver, cirrhosis and several vascular lesions of the hver. 

In many instances drug induced hepatitts proves mdisttngutshable from vtra, hepahti, 
Chl Jally induced hepattc injnry for experiment studtes should be severe enough o 
death or to modify hepatic functions. The mechanism of acute hepatto injury 
, Z2 Ptn - " Ipound and the spee.es of antmals used. Many ehemieals 
plee parenchyma, damage, artes, hile flow and canse jaundice (eho.erettc mjury, 

ln ,„e present tnven.ion the app.tcants have smdted hepatopro.ecttve activity against CCU, 
to the present sa , ac , osa mine and alcohol induced hepatotoxicty. 

paracetamol (APAP, acetaminophen), D-galactosamm 

0 

r>n IITTS OF THE INVENTION 

Th mal ole, of the present tnvention ,s to provtde a phartnaceutica, compositton 
comprising a bioactive compound trans-.etracos-lS-enotc add. 

25 A „o,her object of the present tnvention , to provide a process for the isolation « 
lcos-15-enotc acd from a plant source — -™» -»*~ *~ 

dependent hepatoprotective activity. 

A „o,her object of the present tnvention is ,„ provtde a we,, identified singie constttuen, of 
30 plant origin for use in therapeutics. 
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Yet another object of the present invention provides a method of treatment of mammals 
and humans for hepatotoxicity. 

SUMMARY OF THE INVENTION 

5 The present invention relates to a pharmaceutical composition comprising a bioactive 
compound trans-tetracos-15-enoic acid and a process for the isolation of trans-tetracos-15- 
enoic acid from a plant source viz., Indigofera tinctona. The present invention also 
provides a method for the treatment of acute hepatitis using this compound. 

1 0 DETAILED DESCRIPTION OF THE INVENTION 

Accordingly, the present invention provides a pharmaceutical composition comprising an 
effective amount of bioactive trans-tetracos-15-enoic acid extracted from a plant source 
Indigofera tinctoria, used to treat subjects with hepatic disorders. 

15 An embodiment of the present invention, wherein said composition along with 
dehydrocholic acid is used for the enhancement of cholretic activity. 

Another embodiment of the present invention wherein trans-tetracos-15-enoic acid is used 
singly or in combination with pharmaceutical^ acceptable additives. 
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Yet another embodiment of the present invention wherein the pharmaceutically acceptable 
additives are selected from the group consisting of carriers, diluents, solvents, filters 
lubricants, excipients, binder or stabilizers. 

Still another embodiment of the present invention wherein the said composition is used for 
both preventive and curative properties. 

Yet another embodiment of the present invention wherein said composition is used 
systemically, orally or by any clinically/medically accepted methods. 
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Still another embodiment of the present invention wherein the compos.tion is used to treat 
hepatie disorders that are clinically, biochemically and histologically similar to that of viral 
hepatitis, chronic hepatitis, fatty liver, cirrhosis and several vascular lesions of the liver. 

5 Yet another embodiment of the present invention wherein said composition is used to treat 
damage induced by hepatotoxins. 

Still another embodiment of the present invent.on wherein the hepatotoxins are selected 
from the group comprising Galactosamine, Paracetamol, Carbon tetrachloride and alcohol. 

10 

Yet another embodiment of the present invention wherein the subjects is selected from the 
group consisting of mammals and humans, preferably humans. 
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Still another embodiment of the present invention wherein the dosage for treating CC1 4 
mduced hepatotoxicity in mammals is in the range of 10-100 mg/kg body weight. 

Yet another embodiment of the present invention wherein the preferred dosage for treating 
CC1 4 induced hepatotoxicity in mammals is in the range of 50-100 mg/kg body weight. 

Still another embodiment of the present invention wherein the hepatoprotective activity in 
CC1 4 induced hepatotoxic mammals is upto 88%. 



Yet another embodiment of the present invention wherein the dosage for treating 
acetaminophen induced hepatotoxicity in mammals is in the range of 10-100 mg/kg body 
25 weight. 

Still another embodiment of the present invention wherein the preferred dosage for treating 
acetaminophen induced hepatotoxicity in mammals is in the range of 50-100 mg/kg of 
body weight. 

30 
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Yet another embodiment of the present invention wherein the hepatoprotective activity in 
acetaminophen induced hepatotoxicity in mammals is upto 86%. 

Still another embodiment of the present invention wherein the dosage for treating 
Galactosamine induced hepatotoxicity in mammals is in the range of 10-50mg/kg of body 
weight. 

Yet another embodiment of the present invention wherein the preferred dosage for treating 
D-Galactosamine induced hepatotoxicity is in the range of 25-50 mg/kg of body weight. 

Still another embodiment of the present invention wherein the hepatoprotective activity in 
Galactosamine induced hepatotoxicity in mammals is upto 73%. 

Yet another embodiment of the present invention wherein the dosage for treating alcohol 
induced hepatotoxicity in mammals is in the range of 10-50mg/kg of body weight. 

Still another embodiment of the present invention wherein the preferred dosage for treating 
alcohol induced hepatotoxicity is in the range of 25-50 mg/kg of body weight. 

20 Yet another embodiment of the present invention wherein the hepatoprotective activity in 
alcohol induced hepatotoxicity in mammals is upto 100%. 

Still another embodiment of the present invention wherein the preferred dosage for treating 
hepatic disorders in mammals is 1 about 50-100 mg/kg of body weight. 

25 

Yet another embodiment of the present invention wherein the preferred dosage for treating 
hepatic disorders in human beings is about 10-15 mg/kg of body weight. 

The invention also provides a process for the isolation of trans-tetracos-15-enoic acid, a 
30 bioactive constituent from plant Indigofera tinctoria, said process comprising the steps of: 
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(a) extracting the powdered plant parts with an aliphatic hydrocarbon solvent at a 
temperature in the range of 60-80°C for about 20-30 hours; 

(b) triturating the extract of step (a) with a ketonic solvent; 

(c) separating the solvent soluble portion of step (b) and the residue by using silica 

5 gel bed; 

(d) subjecting the residue of step (c) to column chromatography by eluting with a 
mixture of organic solvents of increasing polarity to yield a bioactive fraction; 
and 

(e) resolving fraction as obtained in step (d) by high performance liquid 
10 chromatography and crystallizing with an alcoholic solvent to obtain the bio- 
active constituent trans-tetracos-15-enoic acid. 

Yet another embodiment of the present invention wherein alternatively, the fraction 
obtained in step (d) when subjected to semipreparative high performance liquid 
1 5 chromatography, yields bioactive constituent trans-tetracos-1 5-enoic acid. 

Still another embodiment of the present invention wherein the plant parts used are aerial 
parts selected from the group consisting of leaves, stem and bark. 

20 Yet another embodiment of the present invention wherein the hydrocarbon solvent is 
selected from the group consisting of petroleum ethane, n-hexane, cyclohexane or ligroin 
and preferably petroleum ether. 

Still another embodiment of the present invention wherein in the ketonic solvent is selected 
25 from the group consisting of acetone, ethyl-methyl-ketone, or methyl isobutyl ketone. 

Yet another embodiment of the present invention wherein the solvents used for eluting the 
column to obtain hepatoprotective fraction are selected from the group consisting of 
petroleum ether, n-hexane, chloroform, ethyl acetate, a mixture thereof and preferably a 
30 mixture of petroleum ether and ethyl acetate. 
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Still another embodiment of the present invention wherein in step (d), the solvent used for 
performing HPLC is a mixture of Acetonitrile and H 2 0 in the ratio of 95:5. 

5 Yet another embodiment of the present invention wherein in step (e) the HPLC purified 
compound is further purified by crystallizing with an alcoholic solvent selected from 
methanol and isopropanol. 

Still another embodiment of the present invention wherein the hepatoprotective fraction 
1 0 thus obtained is designated as Indigotone consisting of a mixture of three compounds. 

Yet another embodiment of the present invention wherein the percentage of mixture of 
three compounds of hepatoprotective fraction is 11-12%, 12-13% and 75-77% respectively. 

15 The present invention further provides a method of treating subjects with liver disorders, 
the said method comprising administering a pharmaceutical^ effective dosage of trans- 
tetracos- 15 -enoic acid. 

Yet another embodiment of the present invention, a method wherein trans-tetracos-15- 
20 enoic acid is used to treat liver disorders caused by Galactosamine, Paracetamol, Carbon 
tetrachloride and alcohol. 

Still another embodiment of the present invention, a method wherein the dosage for CC1 4 
induced hepatotoxicity in mammals is in the range of 10-100 mg/kg body weight. 

25 

Yet another embodiment of the present invention, a method wherein the preferred dosage 
for CCU induced hepatotoxicity in mammals is in the range of 50-100 mg/kg body weight. 

Still another embodiment of the present invention, a method wherein the hepatoprotective 
30 activity in CCU induced hepatotoxic mammals is upto 88%. 
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Yet another embodiment of the present invention, a method wherein the dosage for 
acetaminophen induced hepatotoxicity in mammals is in the range of 10-100 mg/kg body 
weight. 

5 

Still another embodiment of the present invention, a method wherein the preferred dosage 
for acetaminophen induced hepatotoxicity in mammals is in the range of 50-100 mg/kg of 
body weight. 

10 Yet another embodiment of the present invention, a method wherein the hepatoprotective 
activity in acetaminophen induced hepatotoxicity in mammals is upto 86%. 

Still another embodiment of the present invention, a method wherein the dosage for 
Galactosamine induced hepatotoxicity in mammals is in the range of 10-50mg/kg of body 
15 weight. 

Yet another embodiment of the present invention, a method wherein the preferred dosage 
for D-Galactosamine induced hepatotoxicity is in the range of 25-50 mg/kg of body 
weight. 

20 

Still another embodiment of the present invention, a method wherein the hepatoprotective 
activity in Galactosamine induced hepatotoxicity in mammals is upto 73%. 

Yet another embodiment of the present invention, a method wherein the dosage for alcohol 
25 induced hepatotoxicity in mammals is in the range of 10-50mg/kg of body weight. 

Still another embodiment of the present invention, a method wherein the preferred dosage 
for alcohol induced hepatotoxicity is in the range of 25-50 mg/kg of body weight. 
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Yet another embodiment of the present invent.on, a method wherein the hepatoprotect.ve 
activity in alcohol induced hepatotoxicity in mammals is upto 100%. 

Still another embodiment of the present invention, wherein the dosage for the 
5 enhancement of cholretic activity is in the range of 20-50 mg/kg of body weight. 

Yet another embodiment of the present invention, the enhanced cholretic activity in 
mammals is upto 43%. 

,0 Still another embodiment of the present invention, a method wherein trans-tetracos-15- 
enoic acid is used singly or in combination with pharmaceutically acceptable carriers. 

Yet another embodiment of the present invention, a method wherein the trans-tetracos-15- 
eno.c acid is administered to a subject in combination with pharmaceutically acceptable 
1 5 additives, carriers, diluents, solvents, filters, lubricants, excipients, binder or stabilizers. 

Still another embodiment of the present invention, a method wherein the desired dosage is 
administered for both preventive and curative properties. 

20 Yet another embodiment of the present invention, a method wherein trans-tetracos-15- 
enoic acid is administered systemically, orally or by any clinically/medically accepted 
methods. 

Still another embodiment of the present invention, a method wherein the subject is selected 
25 from animals, mammals, and preferably humans. 

Still yet another embodiment of the present invention, a method wherein the preferred 
dosage for hepatic disorders in mammals is labout 50-100 mg/kg of body weight. 
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Yet another embodiment of the present invention, a method wherein the preferred dosage 
for human beings is about 10-15 mg/kg of body weight. 

The invention is further explained in the form of following preferred embodiments. 

Chromatographic fractionation oilndigofera tinctoria extract by a host of procedures viz., 
CC, MPLC & Centrifugal partition chromatography yielded four fractions designated as A, 
B, C&D respectively. 

Pharmacological evaluation of these fractions showed that the hepatoprotective activity has 
got concentrated in fraction D, which exhibited dose-dependant response from 6.25 mg-Kg 
-1 P.O. in experimental animals. HPLC NP-Si02, 10 mu CH3OH: CHCI3 10:90, or RP- 
C18, CH 3 CN:H 2 0 95:5, isocratic elution, X=254nm) indicated fraction D to be composed 
of three constituents, compound A-ll-12%, Compound B=12-13% and compound C=75- 
15 77%. 

The fraction, which is designated as Tndigotone' on CC and semi preparative HPLC 
yielded pure compound C. The compound on pharmacological evaluation showed dose 
dependent hepatoprotective activity in experimental animals from 12.5 mg-Kg-1 onwards. 

20 

Compound (C) is determined to be trans-tetracos-15-enoic acid on the bases of spectral 
data, viz., IR, UV, NMR (1H & 13C) & MS data. 

This constitutes first observation and isolation of trans- tetracos-15-enoic acid from 
25 Indigofera tinctoria. 

The hepatoprotective constituent obtained by the process of the present invention is present 
to the extent of 0.09-0.1 1 % on the basis of dried plant material. 
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The invents is described with reference to the examples given below which should not, 
however, be construed to limit the scope of present invention. 

Treatment with bio-active compound of the present invention and Silymarin 
(Conventional drug): 

Freshly prepared suspension (1 %, w/v) in 0.2% gum acacia in nomtal saline is nsed for all 
the experiments except fot toxicity stud.es where (10 %, w/v) suspension ,s used 
Siiymarin suspension (1 %, w/v) in 0.2 % gum acacia is used as a reference standard 
(positive control). 

Example I 

D „ed aerial portion of the plan, (1.3 Kg) is powdered, SoxhleUed with petroleum ether 
(60-80'C) for 30 hours. The resultant extract is concentrated and dned. DarkGreen 
sera ,solid residue (31 g), is tr.tura.ed with acetone (5x200 m!) and acetone soluble port.on 
is concentrated under reduced pressure to get a residue (21 g). The residue is adsorbed on 
SiO, gel (63g 100-200 mesh) and charged on a glass column (diameter 5-cm, he.ght 
cm) packed with Si02 gel (250 g, .00-200 mesh). The column is eluted with petroleum 
ether: ethyl acetate m.xtures of increasing polan.y and finally with ethyl acetate. 

The fractions eluted with petroleum ether: ethyl acetates (95:5) are pooled and the res.due 
is designated as •Indigo.one', a mixture of three compounds (A-12%, B-14%, and C-74%). 
The fraction is subjected to HPLC (RP-18, .0 mp, CH 3 CN: H 2 0, 95:5, Xmax 254) ,0 yteld 
1 , g of pure C. Further punfication is attained by crystallizafion from methanol (-20°C). 
Purified constituent (m.p. 61-C) is de.enuined to be ,ra„s..e.rae„s-15-enoic acd on the 
base of co-TLC and spectral data. 

Example 2 

Dned and powdered aerial portion of the plan, material (650 g) is extracted with boiling 
hexane (2 5L) for 20 hours. The resulting extract is subjected to desolventaj.on under 
reduced pressure yie.d.ng a dark green v.scous residue (160. The res.due is triturated wtth 
ethyl methyl ketone (4x250 ml) and extracted materia, is concentrated and dned to get 
(JJg) of a semisolid material. The material is observed to be a complex mixture on TLC 
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plate and thus is subjected to CC on Sl 0 2 gel. The column is eluted with (a) 
d 1C hloromethane (1.5L), <b) dichloromethane-ethyl acetate (98:2,2L), (c) dichloromethane- 
ethyl acetate (95:5, 2L), (d) dichloromethane-ethyl acetate (1L). Solid residue (Ig) 
obtained from fraction (d) is designated as 'Indigotone'. HPLC output indicated Indigotone 
to be composed of three constituents viz., the most polar compound (A) 12%, constituent 
of medium polarity (B) 13% and the least polar compound (C) 75%. 

Semipreparative HPLC (RP-C18, 10 mu, CH 3 CN: H 2 0 95:5, Amax 254 nm) with isocratic 
elution yielded pure C (600 mg). It is further purified by crystallization from isopropanol (- 
20°C) Purified constituents, m.p. (61°C) is identified to be trans-tetracos-15-enoic acid on 
the basis of spectral data, trans-tetracos-15-enoic acid has been evaluated for its 
hepatoprotective activity against CC1 4 hepatotoxin using commercially available Silymann 
as reference materials. The comparative data have been provided in the TABLE-1. 

To assess the efficacy of the drug, pharmacological studies are conducted on Wistar albino 
rats (150-1808) and Swiss albino mice (25-30g) of either sex, colony - bred in-house. After 
procurement, all the animals are divided into different groups and are left for one week for 
acclimatization in an experimentation room and are maintained on standard conditions 
(23±2°C, 60-70 % relative humidity and 12 hours photo period). The animals are fed with 
standard rodents' pellet diet and water ad libitum. There are six animals in each group 
except for general behavior and acute toxicity studies where ten animals are used in each 
group. 

The following hepatotoxins are used in the present invention to assess the efficacy of the 

25 drug: _ 

(a) Carbon tetrachloride (CC1 4 ): One of the most powerful hepatotoxins (in terms of 
severity of injury) Carbon tetrachloride (CCU) as it causes toxic necrosis which 
leads to biochemical changes having clinical features similar to those of acute viral 
hepatitis (Vogel, 1977, Bramanti et. al., 1978, Kumar et. al., 1992). Liver injury is 
produced by administration of CC1 4 mixed with liquid paraffin. Animals are given 
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(b) 



single dose of CC1 4 (50 ul.kg 1 , p.o.) in acute single treatment and (0.5 ml.kg 1 , p.o.) 
in case of multi-treatment with drug. It is administered orally (p.o) by gastric 
intubation. The control animals received the equal volume of liquid paraffin. The 
results have been recorded in TABLES 1-5 

Paracetamol (APAP, acetaminophen): It is a therapeutic agent widely used as 
analgesic/antipyretic drug. When taken in large doses it causes hepatic necrosis 
which leads to biochemical changes having clinical features similar to those of 
acute viral hepatitis in humans (Proudfoot and Wright, 1970). The similar effect is 
observed in animals. The toxic effect can be potentiated if it is given several hours 
after the anesthetic ether inhalation (Wells et. al., 1985). Liver injury is induced by 
injecting paracetamol (200 mg.kg- 1 ) interapentoneally in normal saline (pH 9.4) six 
hour after inhalation of anesthetic ether (4ml/4min/6animals) in a closed chamber. 
The control animals received the equal volume of vehicle. The results have been 
recorded in TABLES 6-7. 
15 ( C ) D-Galactosamine: It is one of the toxins that induce hepatic inflammatory 
conditions in the rat liver that clinically resembles to viral hepatitis. The 
mechanism of GalN induced liver injury has been extensively examined and this 
model is now accepted as one of the authentic systems of liver damage (Bauer et. 
al., 1974, Al-Tuwaijiri et. al., 1981). 



The data have been recorded in TABLES 8-9. 



Hepatic damage is produced by injecting GalN (300 mg.kg-') subcutaneously in normal 
saline. The control animals received the equal volume of vehicle. 
25 Example 3 

Hexobarbitone induced narcosis: 

The different doses of TCA, silymann and vehicle (normal saline) are fed to different 
groups of mice only once at 1 hour before hepatotoxin (CC1 4 , 50 ul.kg 1 , p.o.) 
administration. Animals are given Hexobarbitone (60 mg.kg 1 , i.p.) 2 hours after 
30 hepatotoxin and "sleep time" (Fujimoto, 1960; Dreyfuss, 1970) of all the animals is 
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n^nkored. The time of onset of loss of righting reflex to the recovery in minutes is taken 
as the duration of sleep. (Table 1). 

Example 4 

Zoxazolamine- induced paralysis: 

The different doses of TCA, silymarin and vehicle (normal saline) are fed to different 
groups of rmce only once 1 hour before hepatotoxin (CO* 50 ul.kg", p.o.) administration. 
Animals are given Zoxazolamine (70 mg.kg 1 , i.p.) 2 hours after hepatotoxin and "paralysis 
time" (Conney, 1960) of all the animals is monitored. The time of onset of paralysis to the 
recovery in minutes is taken as the duration of paralysis. (Table 1). 

Example 5 

Effect on serum and hepatic biochemical parameters: 
I) CC1 4 induced hepatotoxicity : 

(a) Treatment of test material before and after hepatotoxin: The different doses 
of, silymarin and vehicle (normal saline) are fed to different groups of rats at 
48, 24, 2 hours before and 6 hours after hepatotoxin (CC1 4 , 0.5 ml.kg 1 , p.o.) 
intoxication. Blood is collected from orbital sinus in all the animals 18 hours 
after last treatment and serum separated for different estimations. All the 
animals are then killed by decapitation, their livers are quickly excised, cleaned 
of adhering tissue, weighed and homogenized in phosphate buffer saline for the 
analysis of hepatic parameters (Agarwal and Mehendale, 1983, Klingensmith 
and Mehendale, 1982, Zimmerman, 1973, Edmondson and Peter, 1985, 
Mitchell, et al, 1973). (Tables 2-4). 
(b) Treatment of test material after hepatotoxin (Curative study, post 

treatment) 

The different doses of TCA, silymarin and vehicle (normal saline) are fed to 
different groups of rats at 6, 24 and 48 hours, after hepatotoxin (CCU, 0.5 
ml.kg\ p.o.) intoxication. Blood is collected from the orbital sinus in all the 
animals 2 hours after last treatment and serum separated for different 
estimations. A portion of the liver is processed for histopathologic^ studies. 
30 (Table 5). 
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II) Paracetamol induced hepatotoxicity: 

(a) Treatment of test material before and after hepatotoxin: 

The different doses of TCA, silymarin and vehicle (normal saline) are fed to 
5 different groups of mice at 72, 48, 24 hours, 1 hour before diethyl- ether 

inhalation and lhour after hepatotoxin (paracetamol, 200 mg.kg' 1 , i.p.) given 6h 
after exposure to diethyl- ether. Blood is collected from orbital sinus in all the 
animals 18 hours after last treatment and serum separated for different 
estimations. A portion of the liver is processed for histopathologic^ studies. 
10 (Table 6) 

(b) Treatment of test material after hepatotoxin (Curative study, post 
treatment) 

The different doses of TCA, silymarin and vehicle (normal saline) are fed to 
15 different groups of mice at 1, 24, 48 hours, and 72 hours after hepatotoxin 

(paracetamol, 200 mg.kg 1 , i.p.). intoxication. Blood is collected from the 
orbital sinus in all the animals 2 hours after last treatment and serum separated 
for different estimations. All the animals are then killed by decapitation, their 
livers are quickly excised, cleaned of adhenng tissue, weighed and 
20 homogenised in phosphate buffer saline for the analysis of hepatic parameters. 

A portion of the liver is processed for histopathologic^ studies. (TABLE 7) 

III) D-Galactosamine induced hepatotoxicity: 

(a) Treatment of test material before and after hepatotoxin: 

25 The different doses of TCA, silymarin and vehicle (normal saline) are fed to 

different groups of mice at 48, 24, 2 hours before and 6 hours after hepatotoxin 
(GalN, 300 mg.kg 1 , s.c.) intoxication. Blood is collected from orbital sinus in all 
the animals 18 hours after last treatment and serum separated for different 
estimations. All the animals are then killed by decapitation, their livers are quickly 

30 excised, cleaned of adhering tissue, weighed and homogenised in phosphate buffer 
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saline for the analysis of hepatic parameters. A portion of the liver is processed for 
histopathological studies. (Table 8) 

(b) Treatment of test material after hepatotoxin (Curative study, post 
treatment) 

The different doses of, s.lymann and vehicle (normal saline) are fed to different 
groups of rats at 6, 24, and 48 hours, after hepatotoxin (GalN, 300 mg.kg" 1 , s.c.) 
intoxication. Blood is collected from the orbital sinus in all the animals 2 h after 
last treatment and serum separated for different estimations. All the animals are 
then killed by decapitation, their livers are quickly excised, cleaned of adhering 
tissue weighed and homogenised in phosphate buffer saline for the analysis of 
hepatic parameters. A portion of the liver is processed for histopathological studies. 
(Table 9) 

IV) Alcohol induced hepatotoxicity: 

Liver lesions are induced by daily feeding of alcohol 376 mg.kg' (p.o.) for six 
weeks to the different groups of rats. In the last two weeks of feeding of alcohol, 
different doses of TCA or silymann are also fed daily 30 minutes after alcohol to 
the respective groups. Blood is collected from the orbital sinus in all the animals 2 
h after the last treatment administered and serum separated for different 
estimations. All the animals are then killed by decapitation, their livers are quickly 
excised, cleaned of adhering tissue, weighed and homogenised in phosphate buffer 
saline for the analysis of hepatic parameters. (Tables 10&11) 
Parameters studied: 

GPT and GOT: Pyruvate formed by transamination reaction is determined 
spectrophotometer!^ after reaction with 2,4-dinitrophenylhydrazine (Reitman and 
25 Frankel, 1957). 

ALP: p-nitrophenol formed in alkaline medium is measured spectrophotometerically using 
p-nitrophenyl phosphate as substrate (Waler and Schutt, 1974). 

Bilirubin: Total bilirubin is measured by diazotization reaction with NaN0 2 (Malloy and 
Evelyn, 1937) 
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Triglycerides: Triglycerides from serum are extracted with isopropanol and sopanified 
with KOH. The liberated glycerol is converted to formaldehyde by periodate and 
determined after reaction with acetyl acetone. Triolein is used as standard (Men and 
Firings, 1973). 

Glutathione: It is determined after de-proteination by reaction with DTNB (Ellman 1959 as 
modified by David 1987). 

Lipid peroxidation: Thiobarbituric acid reacting substances are determined 
spectrophotometerically at 535 nm. 

Drug metabolising enzymes: N- demethylase and Aniline hydroxylase are determined by 
spectrophotometers methods however NADPH is used instead of NADPH generating 
system. (Imai Y, et al, 1966) 

G-6-pase: Inorganic phosphate liberated from glucose-6-phosphate is measured with 
Ammmonapthol sulphomc acid after reaction with ammonium molybdate. (Huijing, F., 
1974) Glycogen and enzymes of glycogen metabol.sm. In: Clinical Biochemistry, 
Principles and Methods., H. Ch. Curtius and M. Roth (Eds.) Vol. 2., Walter de. Gruyter, 
Berlin., New York. Pp. 1208- 1235. 

SDH: Succinate dehydrogenase activity is measured using potassium ferricyanide in 
phosphate buffered medium. Slater and Bonner. (1952). Effect of fluoride on the 
Succinate oxidase system. Biochemical Journal 52, 185-196. 

Protein. : The protein is precipitated with TCA and dissolved in alkaline medium. The 
protein is measured by Folin's reagent. Lowery, O.H., Rosebrough, N. J., Farr, A.L. and 
Randle, R. J. (1951). Protein measurement with the Folin phenol Reagent. J. Biol. Chem. 
193,265-275. 

GGT: p-nitroaniline formed y- glutamyl p- nitroanilide in glycylglycine buffer measured at 
25 405. nm. Szasz, g. (1976). Clin. Chem. 22., 2051-2055. 
Hepatoprotective activity: 

Hepatoprotective activity (H) is calculated by the following equation: 
H = [1-(TC-V/VC -V)]xl00 

Where TC, VC, and V are drug + toxin, vehicle + toxin and vehicle treated groups of 
30 animals respectively. 
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Example 6 



Effect on Bile flow and bile solids 

The liver, by producing bile, plays an important role in digestion. The presence of bile in 
the intestine is necessary to accomplish the digestion and absorption of fats as well as 
absorption of the fat-soluble vitamins- A, D, E & K. Bile is also an important vehicle of 
excretion. It removes many drugs, toxins, bile pigments and various inorganic substances 
either derived from the diet or synthesized by the body as cholesterol or as cholic acid. 
Increase in the bile flow is suggestive of stimulating action of liver microsomal enzymes. 
Effect on the liver bile flow of test drug and that of vehicle is carried out after cannulating 
the bile duct in normal anaesthesied rats. B.le collected is from each animal from 0-5 hours 
(Klaassen, 1969, Donal et al.1953). (TABLE 12) 

Histopathological studies: 

A portion of the liver after treatment of hepatotoxin (GalN, CC1 4 , and paracetamol) and test 
material is processed for histopathological studies by routine hematoxyline and eosin 
stained sections (Krajian, A. A., 1963). 

General behavior and acute toxicity: 

Using different doses (10, 30, 100, 1200, 1400, 1600, 1800 and 2000 mg.kg 1 ) of TCA 
given orally to the groups of 10 mice for each dose, while one group with same number of 
mice served as control. The animals are observed continuously for 1 hour and then half 
hourly for 4hours for any gross behavioral changes and general motor activity, writhing, 
convulsion, response to tail pinching, gnawing, piloerection, pupil size, fecal output, 
feeding behaviour etc. and further up to 72 hours for any mortality. Acute LD50 values in 
mice are calculated by the method of Miller and Tainter, (1944). Mortality of animals in all 
the groups used in different models for determining hepatoprotective activity during the 
period of treatment is also recorded as a rough index of subacute toxicity. 

Statistical analysis: The data obtained are subjected to statistical analysis using ANOVA 
for companng different groups (Armitage, 1987) and Dunnett's t test for control and test 

18 



groups (Dunnett, 1964). The regression coefficient (Slope b) correlation coefficient (r) with 
its p value and ED 50 with 95% confidence limit (CL) are determined by regression analysis 
using log dose and percent effect of adaptogenic activity (Swinscow, 1980). The two tailed 
paired student t test for comparing means before and after treatment and one tailed 
5 unpaired student t test for comparing control and drug treated groups (Ghosh, 1984) are 
used. The p value of less than 0.05 or less is taken as the criterion of significance. 

These results clearly show that TCA obtained from the plant Indigofera tinctoria when 
given orally exhibited dose dependent hepatoprotective activity in pre-and post-treatment 
1 0 against CCl 4j paracetamol and galactosamine induced acute hepatic injury. 



Human dose: 

Doses for human being can be calculated by equivalent surface area doses conversion 
factor (equivalency on the basis of mg/ sqm). 

15 

ADVANTAGES OF THE PRESENT INVENTION 

1 Commercially available herbal hepatoprotective are not standardized chemically as 
well as biologically. Since the bioactivity of herbal preparations is mainly ascribed 
to secondary metabolites, efficacy is not achieved unless such preparations are 
20 standardized on the basis of a few chemical constituents. 

2. Latest hepatoprotective drug marketed by Ranbaxy (India) Ltd. viz., Silymarin is a 
mixture of three constituents, whose relative proportions also varies from batch to 
batch. 

3. Present invention provides a single bioactive constituent from Indigofera tinctoria 
25 having dose dependent activity in experimental animals against CC1 4 , paracetamol 

and galactosamine as hepatotoxins. 
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